Developments in the methods of isolating the dicarboxylic acids [Foreman, 1914] and the discovery of fl-hydroxyglutamic acid [Dakin, 1918] have lessened the force of Osborne's original argument. According to recent analyses [Damodaran, 1931] , in most proteins the dicarboxylic acids are considerably in excess of the ammonia liberated. However, recent measurements of the basebinding capacity of proteins require that there should be such an excess of carboxyl groups in the protein molecule [Cohn, 1925] .
If therefore the validity of the peptide hypothesis be admitted, the results of the investigations mentioned above, taken as a whole, do provide strong presumptive evidence for the existence of dicarboxylic acid amides in proteins.
In view of the apparent inadequacy of the peptide theory to explain certain characteristics of proteins many alternative modes of combination of the amino-acids in the protein molecule have been suggested. All these hypotheses postulate the existence in the protein molecule not only of straight polypeptide chains but also of various cyclic structures. In contrast with the peptide theory, none of these hypotheses implies any inherent necessity for the dicarboxylic acids to be present in the form of their amides.
When we turn from the hydrolyses of proteins by acids to those by enzymic action, the results are far less decisive or consistent. Luck [1924] isolated from the tryptic digest of caseinogen a "trypsin-resistant" body which contained about one-third of the total amide-N. His evidence, however, that the ammonia was bound as amide was not very conclusive. Hunter [1925] obtained evidence from caseinogen which suggested that in the early stages of tryptic digestion about one-quarter of the amide-N wag present in the form of free acid amides; but no evidence could be found for the liberation of amides during the tryptic digestion of a proteose derived from gliadin, although the amide-N of the latter was more than a quarter of the total N.
Recently, Clementi [1931] has advanced a hypothesis, based upon observations on the deamidation of proteins by enzymes not possessing asparaginase activity, that the ammonia comes not from asparagine but from an amide of the type R1 . CO. NH. CO. R2. He has however overlooked the fact that such a possible precursor of ammonia was discussed by Andersen and Roed-Miiller [1915] and rejected by them because compounds of this type were found to be resistant to strong acid hydrolysis.
The aim of the present research was to prove the validity or otherwise of the amide hypothesis by an attempt at actual isolation of an acid amide from the enzymic digest of a protein. If the glutamic and aspartic acids in proteins exist, in part, at least, in the form of their amides, then enzymic digestion, carried sufficiently far and under conditions so regulated as to preclude the hydrolysis of these amides, should make possible the isolation of either or both of these substances from the products of digestion.
That a far-reaching hydrolysis of proteins could be effected by the action, in succession, of pepsin, trypsin and erepsin for comparatively short periods was shown by the work of Frankel [1916] . He found that, in general, 90 % of the total amino-acids of the proteins investigated were set free by the combined action of the three enzymes, about 16 % of the splitting being due to pepsin, about 50-55 % to trypsin and the remainder to erepsin. The action of pepsin was practically complete in about 3 days, that of trypsin in 5-7 days and of erepsin in 4-5 days.
There were, however, few reliable data available on the liberation of ammonia during the course of these digestions, except in the case of trypsin. The liberation of ammonia during tryptic action was studied by Hunter and Smith [1925] who concluded that this was not, strictly speaking, a function of trypsin at all. The data collected by Henriques and Gjaldbiick [1911, 1912] on the deamidising action of pepsin were of little relevance to the present work as the prolonged digestion of several months was quite uncalled for in view of Frankel's work. A great deal of confusion exists in the older literature on the deamidising action of erepsin. The evidence is extremely conflicting in nature as the experiments were carried out mostly with tissue preparations which have been since shown to contain more than one enzyme.
It was envisaged from the first that yeast dipeptidase, the specificity relations of which are much more sharply defined and much better known than those of intestinal erepsin, could possibly be used as a substitute for the latter in the final stages of digestion. The extensive work of the Willstiitter school has established the following facts [Grassmann, 1928] .
(a) Four proteolytic enzymes-proteinase, polypeptidase, dipeptidase and asparaginase, can be separated from yeast autolysates. The nature of the enzymes present in the autolysate is conditioned by three factors, viz. the cell-poison used for plasmolysing the yeast, the reaction at which autolysis is allowed to take place, and the duration of autolysis [Willstiitter and Grassmann, 1926] .
(b) The yeast dipeptidase is only capable of splitting such dipeptides as have a free amino-group and also a free carboxyl group in the ac-position with respect to the peptide linkage. The polypeptidase attacks only those peptide linkages which have a free amino-but no free carboxyl group adjacent to them; that is to say, it splits polypeptides and tripeptides, as also dipeptides in which the terminal carboxyl has been substituted, e.g. by an alcohol or amide group. Yeast asparaginase is inactive towards any derivative of asparagine in which the amino-group which is in the f-position with respect to the amide group, has been substituted.
The importance of these facts for the isolation of asparagine from an enzymic digest is obvious. Yeast polypeptidase would act on the tri-and higher peptides at the peptide linkage nearest to the free amino-group, hydrolysing them to the dipeptide stage. As the peptide linkage is a substituted amide, the enzyme would also act on the amide group of monoamino-acid amides of the type R. CH(NH2) . CO. NH2 (e.g. glycine-amide, leucine-amide) liberating ammonia and the corresponding amino-acid; and on the peptide group of peptide amides of the type R1 . CH(NH2) . CO. NH. CH(R2) . CO. NH2 (e.g. glycylleucine-amide), but would have no action on the amide group in asparagine, H02C. CH2. CH(NH2) .CO. NH2, or on the peptide or amide groups in asparagine dipeptides of the type R. CH(NH2) .CO. NH. CH(CH2.00. NH2) . C02H. A dipeptide containing asparagine would on the other hand be attacked by dipeptidase, the point of attack being however only the peptide linkage. (This holds good whether the asparagine is linked to the rest of the molecule through the carboxyl or the amino-group.) The asparagine thus liberated from peptide combination would remain intact, as only asparaginase is capable of acting on the amide group of asparagine.
In the choice of substrate the main consideration was the selection of a protein with a high aspartic acid content, as the extreme instability of glutamine made it probable that this substance, even if present originally in the protein molecule, would be largely decomposed either during digestion or during the subsequent fractionation. Among the well-defined proteins with a fairly high dicarboxylic acid content edestin has a higher proportion of aspartic to glutamic acid than others, the latest analysis [Jones and Moeller, 1928] showing 10-2 % of aspartic acid and 19-2 % of glutamic acid.
A large number of preliminary experiments were carried out to determine the optimal conditions for obtaining an enzymic digest of edestin suitable for the isolation of asparagine, that is, a digest in which a maximal number of peptide bonds had been split with a minimal liberation of ammonia. With pepsin and trypsin (used in succession) it was soon apparent that the rate of liberation of amino-groups depended on the activity of the samples of enzyme used, while the amount of ammonia present seemed to be independent of enzymic activity and was largely a function of the duration of digestion. Thus, for the same percentage of peptide bonds split, an active preparation of either enzyme liberated a smaller proportion of ammonia than a less active one. With active preparations of both pepsin and trypsin almost maximal liberation of amino-N (about 16-20 % of the total amino-N for the former and a further 45-50 % for the latter) was attained in 3-4 days. Further small increases in amino-N could be obtained by allowing the digestion to continue, but this was found to be inadvisable on account of the.loss of amide-N. Thus, in a peptic digest, at the end of 3 days 18-2 % of the amino-N and 5-8 % of the amide-N had been set free. In another digest, which was allowed to continue for 7 days, the amino-N was not much higher (21-05 %), while the free ammonia had increased to 10-6 %. Similar results were obtained with trypsin. In some of the earlier experiments in which the action of pepsin and trypsin was followed by that of intestinal erepsin, the increase in the free amino-N was accompanied by a considerable liberation of ammonia. It is not, however, intended to conclude from this that intestinal erepsin has a definite deamidising action, because in the experiments mentioned above toluene was used as antiseptic, and it is quite conceivable that this was insufficient to exclude completely the activity of intestinal bacteria. Using yeast dipeptidase, in place of erepsin, 93 % of peptide splitting was attained with liberation of but small amounts of ammonia. Asparagine was eventually isolated from a digest obtained by the successive action of pepsin, trypsin and yeast dipeptidase; over 90 % of the peptide bonds had been split, whereas only about 20 %. of the amide-N was present as free ammonia.
EXPERIMENTAL.
Analysis of the edestin. The edestin was prepared from hemp seed in the usual way. No organic solvents were used in the drying, so that it had not undergone any denaturation. It dissolved readily in 10 % sodium chloride solution, and went into solution in 041 N HCI in the course of about one hour.
It contained 10 % moisture; N, moisture-free, was 18-06 %. After hydrolysis with 20 % HCl for 18 hours the amide-N was 10-1 % and the amino-N, after removal of ammonia, 61-6 % of the total N. Enzyme preparati6ns. Commercial preparations (B.D.H.) of pepsin and trypsin were used throughout. Since the extent of amide splitting appears to depend wholly or in part on the digestion period it is of great importance to use the most active preparations available; those of pepsin and trypsin which attain their maximal amino-N liberation in 72-96 hours were found satisfactory.
The yeast dipeptidase used in the final stage of the digestion was prepared by the method of Willstiitter and Grassmann [1926] , with the difference that aqueous sodium carbonate instead of ammonia was used to maintain neutrality. 300 g. of pressed beer yeast, after being washed with water and centrifuged, were plasmolysed with 15 cc. of ethyl acetate, diluted to 300 cc. with water, and kept neutral by the addition from time to time of small amounts of a 15 % solution of sodium carbonate. After standing for 1-5 hours the mixture was centrifuged, the residue taken up in 600 cc. of water, and allowed to autolyse for 16 hours at room temperature, the reaction being maintained at pH 7 by addition of sodium carbonate solution as required. After centrifuging, the clear supernatant liquid contained the dipeptidase, and was found by experiment to be free from asparaginase. According to Willstiitter and Grassmann [1926] it probably contained a little polypeptidase, but this was an advantage and no further purification was attempted.
The crude erepsin and also the trypsin-free erepsin used in some of the earlier experiments were obtained from the duodenum of the pig by the methods of Willstiitter and Waldschmidt-Leitz.
The liquor pancreaticus used in one experiment was the patented preparation of a well-known commercial firm.
Methods of analysis for ammonia-N, amide-N and amino-N. The ammonia liberated during digestion was determined by the micromethod described by Parnas and Heller [1924] for the estimation of ammonia in blood. The digests were made alkaline with sodium carbonate solution and distilled in vacuo with steam into N/70 acid till 5 cc. of liquid had condensed in the receiver. This treatment does not cause any appreciable decomposition of asparagine or glutamine.
Amide-N (after complete hydrolysis with 20 % HCI for 18 hours) was estimated in the Parnas-Wagner micro-Kjeldahl apparatus.
It was found convenient to follow the digestion with each enzyme preparation, to the stage at which it became practically complete, by titration in alcoholic solution [Willstaitter, 1921] of the carboxyl groups liberated and then to determine the final amino-N by Van Slyke's method. Comparison could then be made with the total amino-N given by the edestin after complete hydrolysis with 20 % HCl for 18 hours and removal of ammonia. It is necessary here to emphasise that the percentage amino-splitting quoted later in the Tables has no absolute value, because the digests probably contain glutamine, which gives nearly twice the theoretical amount of amino-N by Van Slyke's method with nitrous acid [Chibnall and Westall, 1932] .
Glutamine amide-N was estimated by the method of Chibnall and Westall [1932] .
Preliminary digestion experiments. The preliminary experiments to determine the optimal conditions for the isolation of asparagine, i.e. of maximum production of amino-groups with minimum production of ammonia, were carried out in the following way. Table I . It will be seen that the enzymes pepsin, trypsin and yeast dipeptidase used in succession are the most favourable for the present purpose.
Preparation of a large-scale digest. The large-scale digest for the fractionation of the amino-acids and amides was prepared in the following way. 70 g. of edestin (63 g. of moisture-free protein) were dispersed in 1750 cc. of 0.1 N HCI and 3-5 g. of very active pepsin dissolved in an equal volume of water added. The digest was incubated at 370 and the hydrolysis followed by titrating 10 cc. portions in alcoholic solution against 0.1 N alcoholic potassium hydroxide. At the end of 90 hours the maximum amount of free amino-N was attained. 3430 cc. of the digest were next brought to PH 8-6 by the addition of 220 cc. of N NaOH. 3-5 g. of an active preparation of trypsin dissolved in 25 cc. of water were added, together with 15 cc. of tricresol. 10 cc. samples were withdrawn at intervals and titrated as before. Tryptic digestion was complete at the end of 4 days. The remainder of the solution (3630 cc.) was brought to PH 7 by the addition of 30 cc. of N HCI and 350 cc. of yeast dipeptidase were added. At the end of 4 days the liberation of amino-groups had almost ceased.
The extent of the protein hydrolysis is shown in Table II The solution was left overnight in the ice-chest, when a small amount of solid material separated. This was filtered off, the filtrate and washings were made alkaline to pH 10 with baryta, the precipitate obtained was removed by centrifuging, and the solution and washings were concentrated in vacuo to about a third of the original volume to remove ammonia. A small amount of solid material separated during the concentration and was filtered off. The filtrate was made up to 500 cc. (B).
Removal of basic substances and peptides. 495 cc. of this filtrate were cooled to 00, treated with sulphuric acid to remove barium, the barium sulphate was centrifuged off and washed repeatedly with water at room temperature. The filtrate and washings (about 800 cc.) were cooled to 00 and kept at this temperature while sulphuric acid (to 5 % by volume) was added. The solution was then treated with about 1000 cc. of phosphotungstic acid (20 % in 5 % sulphuric acid) till precipitation was complete. The precipitate was removed by centrifuging and washed with some of the phosphotungstic acid solution. Phosphotungstic acid was removed from the clarified digest by treating with a thin cream of baryta to strong alkalinity. The barium phosphotungstate was filtered off and the filtrate brought to PH 7 with sulphuric acid. The barium sulphate was removed by filtration and the filtrate evaporated in vacuo to about 300 cc. To ensure complete removal of phosphotungstic acid the solution was once more made strongly alkaline with baryta. The slight turbidity was removed by centrifuging and the clear solution made up to 500 cc. for analysis.
Removal offree dicarboxylic acids. 495 cc. of this solution were again brought to pH 7, evaporated in vacuo to 300 cc., made strongly alkaline with baryta Removal of hydrochloric acid. It was thought advisable at this stage to free the solution from hydrochloric acid, which had been present since the initial peptic digestion.
The solution was treated with finely powdered silver sulphate, added in small quantities at a time with vigorous stirring, till the precipitation of silver chloride was complete. The excess of silver was then removed by hydrogen sulphide and the solution freed from the latter by aeration. Sulphuric acid was then removed by adding a saturated solution of barium hydroxide to PH 7. The barium sulphate was filtered off and thoroughly washed. The filtrate and washings were then concentrated in vacuo and made up to 500 cc. (F).
Isolation of asparagine.
The solution was next concentrated in vacuo to about 125 cc., when crystalline material began to separate. From this stage onward successive crops of crystals were obtained by slow concentration of the solution in a vacuum desiccator over sulphuric acid. When separation of crystals began the solution was removed from the desiccator and left in the refrigerator, usually for 2-3 days. At the end of this time the crystals were filtered off and the motherliquor left for another day or two in the refrigerator to see if crystallisation of the particular crop was complete. The solution was then further concentrated till it again showed signs of crystallisation when it was again transferred to the refrigerator. Each fraction as it separated was filtered with suction and washed with a little ice-cold water, dried in vacuo over H2SO4 and analysed for total N and amide-N.
The data for the different fractions are given in Table IV . It will be readily seen that the most promising fraction from the point of view of the present research was 3, which yielded exactly one-third of its total N as amide-N on hydrolysis. The amino-N before hydrolysis was 65 % and after hydrolysis 68 % of the total N.
From these results it was clear that the substance was a mixture of an amino-acid with an amino-acid amide. The distant possibility that it was a peptide of glutamine giving an abnormal amino-N value similar to that given by glutamine itself was excluded by the results of analysis for carbon and hydrogen.
The material readily recrystallised from a little warm water in numerous small prisms, and on further recrystallisation was obtained in the transparent rhombic prisms typical of asparagine. These were filtered off and washed successively with 95 % alcohol, absolute alcohol and ether. 0-96 g. of asparagine was thus obtained (equivalent to 111 g. allowing for the aliquots removed for the various analyses). It gave the pale purple biuret reaction characteristic of a /3-amide such as asparagine. The air-dried material contained 19-0 % N; calculated for C4H803N2, H20, 18-65 %. After drying in vacuo at 1000 over phosphorus pentoxide the anhydrous material contained 21-1 % N. C4H803N2 requires 21-2 % N. The amino-N was 50-8 % of the total N. After hydrolysis for 2 hours with N hydrochloric acid the amide-N was 50 % of the total N.
From the mother-liquor no further crystals of asparagine could be obtained. The white powdery substance which separated on concentrating the solution in vacuo had a nitrogen content of 11%, and on complete hydrolysis the amide-N was 0-6 % of the total N.
The thick syrup after the removal of Fraction 6 showed no tendency to crystallise. It was treated with absolute alcohol till precipitation was complete. The material obtained was extremely hygroscopic and could not be dehydrated even by repeated treatment with acetone. A portion was dried over phosphorus pentoxide in vacuo for analysis; N, 12 1 %. The amide-N was 14*6 % and glutamine amide-N 6 0 % of total N.
As it was not found possible to obtain anything crystalline from this syrupy material, and as the amide-N in Fractions IV, V and VI was too small to permit of the isolation of any asparagine or glutamine, all the fractions were dissolved in water, combined and treated with mercuric nitrate solution for the precipitation of the dicarboxylic acid amides. The small precipitate so obtained was decomposed with hydrogen sulphide and, after removal of the latter, the solution was concentrated in vacuo to a syrup. No crystalline material was obtained even after standing for some weeks.
DIsCUSSION.
No calculations can be made of the exact relation which the weight of asparagine isolated bears to the amount present in the original protein. The total dicarboxylic acid-N in edestin is 15-6 %, made up of 5-8 % aspartic acid-N and 9X85 % of glutamic acid-N, while the amide-N is 10-1 %, so that not more than 64-7 % of the total dicarboxylic acids can be present as amides.
We have at present no means of ascertaining the distribution of the ammonia between the two acids, but, assuming arbitrarily that it is equally divided between them, the amount of asparagine (0H4803N2, H20) in 63 g. of edestin is 4 4 g. The amount of asparagine isolated (1 11 g.) is therefore not unduly small when it is remembered that the yields of amino-acids hitherto obtained from enzymic digests of proteins are generally very much lower than those obtained after acid hydrolysis. The degree of hydrolysis attained with enzymes is far from being complete, even the 90 % splitting calculated from the Van Slyke amino-N representing too high a value on account of the abnormal behaviour of glutamine. As will be seen from Table III baryta and phosphotungstic acid together removed material containing 26-2 % of the total amide-N, so that if this had its origin in asparagine or glutamine both of these amides must still have been present as components of peptides.
A legitimate calculation of the percentage yield of asparagine can, however, be made on the basis of the analytical values for Fraction F (Table III) , where the digest consists almost entirely of simple amino-acids. The amide-N in this fraction is 11 2%, of which 6*0 % is shown to be due to glutamine. The maximum possible amount of asparagine amide-N is therefore 5-2 % of the total N or 0417 g. equivalent to 1-82 g. of asparagine. The 0-96 g. of asparagine isolated therefore represents a yield of 52-7 %.
Glutamine is known to crystallise from solution only with great difficulty in the presence of much foreign material, so that the failuLre to isolate this amide is not surprising. There seems to be no doubt, however, from the work of Chibnall and Westall [1932] , that free glutamine was present in Fraction F. In the present research a protein giving a high yield of aspartic acid on acid hydrolysis was chosen so as to facilitate the isolation of asparagine. To isolate glutamine a protein rich in glutamic acid, and as nearly as possible free from hydroxyglutamic acid, such as gliadin, should be used, and experimental conditions adjusted so as to prevent undue decomposition of this very labile substance at the stage when it is set free from peptide combination. Work on these lines is already in progress in this laboratory.
There is the possibility that some of the amide-N of edestin has its origin in monocarboxylic acid amides such as glycine-amide. As was mentioned in the Introduction such substances are hydrolysed at the amide group by yeast polypeptidase; the yeast dipeptidase used in the present research contained some polypeptidase, so that amides of this type would have been partially or wholly decomposed. But the amount of ammonia set free during this stage of the digestion was only 6-5 % of the amide-N, so that this figure represents about the maximal amount of such amides which could have been present. It should be pointed out, however, that on the peptide hypothesis such amides could only occur at the end of a polypeptide chain.
The possibility also cannot be excluded that a small amount of the ammonia produced on mild acid hydrolysis has its origin in some linkage other than the amide group. Uramino-acids of the type R . CH(CO2H) . NH. CONH2 have been suggested by Lippich [1914] and by Andersen and Roed-Muiller [1915] as possible sources of ammonia. Neither of these observers was able to isolate such compounds from protein digests, but indirect evidence, based on the liberation of carbon dioxide during hydrolysis, was produced to show their possible presence. The question of their existence in the protein molecule cannot however be profitably discussed in the present paper, because, as far as is known, such linkages are not attacked by proteolytic enzymes.
SUMMARY.
A practically complete digestion of edestin, with but little splitting of amide-N, has been attained by acting on the protein with pepsin, trypsin and yeast dipeptidase in succession. Complex polypeptides, bases and dicarboxylic acids were removed from the digest by appropriate reagents, and the resulting solution fractionally crystallised. From one of the crystal fractions asparagine was isolated and its presence in the protein molecule thus definitely established. The attempt to crystallise glutamine was unsuccessful but its presence in the digest was demonstrated indirectly by the method of Chibnall and Westall.
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